Background: Reflux symptoms (heartburn and regurgitation) are common in patients with functional dyspepsia who do not have gastroesophageal reflux disease (GERD). Objective: The purpose of this study was to assess the relationship of reflux symptoms with sleep disturbances in patients with functional dyspepsia without GERD and in those with GERD. Methods: This post-hoc analysis of data from the Diamond study (NCT00291746) included patients with frequent upper gastrointestinal symptoms, of whom 137 had functional dyspepsia and 193 had GERD (diagnosed by endoscopy and pH monitoring). Patients completed symptom questionnaires and were interviewed by physicians. Results: During the seven nights before study entry, 46.0% of patients with functional dyspepsia and 64.8% of those with GERD reported sleep disturbances (any frequency) related to reflux symptoms. Frequent (often/every night) sleep disturbances were experienced by 12.4% of patients with functional dyspepsia and 24.9% of those with GERD (p ¼ 0.005). Among patients with functional dyspepsia, the prevalence of sleep disturbances was highest in those whose heartburn and/or regurgitation were moderate to severe (vs mild/very mild) and frequent (4-7 vs 1-3 days/week). Conclusions: Sleep disturbances due to reflux symptoms are common in patients with functional dyspepsia who do not have GERD, and become more frequent with increasing reflux symptom severity and frequency.
Introduction
Impaired sleep is a recognized problem in patients with gastroesophageal reflux disease (GERD). [1] [2] [3] [4] Results from controlled clinical trials have shown that acid suppression with a proton pump inhibitor (PPI) significantly improves sleep quality in patients with GERD. [5] [6] [7] Nocturnal heartburn, arousal from sleep and poor sleep quality may arise from the unusually long duration of periods of esophageal acidification resulting from some reflux episodes that occur during the sleep period. 4 A lower gastric pH during the night than during the day may also have a role in provoking damaging nocturnal esophageal acidification episodes. 8 Patients with GERD and those with functional dyspepsia often have overlapping symptom patterns. In particular, many individuals with functional dyspepsia also report being troubled by heartburn and regurgitation. 9 Sleep disturbances have been described in patients with functional dyspepsia, 10 but the relationship between sleep disturbances and the presence of reflux symptoms remains to be explored in this population.
The aim of this analysis was to assess the frequency of patient-reported disrupted sleep caused by heartburn and/or regurgitation in individuals with functional dyspepsia. An additional aim was to assess the frequency of sleep disturbances caused by heartburn and/or regurgitation in patients with functional dyspepsia compared with that in individuals with GERD. The analysis used data from the Diamond study, which compared the accuracy of a symptom-based diagnosis of GERD by the Reflux Disease Questionnaire (RDQ) with that by primary care physicians and gastroenterologists, using investigation-based diagnostic criteria to provide an objective reference standard. 11 
Methods

Study population
The Diamond study (ClinicalTrials.gov Identifier: NCT00291746) was a single-blind, single-arm study conducted in north-western Europe and Canada, and recruited individuals aged 18-79 years who presented in primary care with frequent upper gastrointestinal symptoms. 11 The Diamond study enrolled 507 patients, of whom 308 were fully suitable for the primary analysis 11 and 336 were evaluable for post-hoc exploratory analyses. 9, 12 Study inclusion and exclusion criteria have been described in detail previously. 11 Briefly, patients were included if they had not taken a PPI in the previous two months and had experienced upper gastrointestinal symptoms of any severity (from very mild to severe) on at least two days per week in the four weeks before the start of the study, and upper gastrointestinal symptoms of at least mild severity on at least three days in the seven days before study inclusion. The Diamond study included a PPI treatment test, with a positive response defined as absence of the most bothersome upper gastrointestinal symptom during the last three days of the two-week treatment period with esomeprazole 40 mg daily. The PPI test was evaluated using a symptom diary that patients completed daily at home throughout the study.
Study investigations
Study investigations were conducted at clinic visits. The frequency of sleep disturbances due to heartburn and/or regurgitation during the seven nights before study entry was assessed by using the following question from the psychometrically validated GERD Impact Scale: 'How often have you had difficulty getting a good night's sleep because of your symptoms?' Responses were recorded on a four-point scale (never, sometimes, often and daily). The GERD Impact Scale is an eight-item patient-reported outcome instrument that was developed based on a systematic literature review, and the input of focus groups of patients and primary care physicians, and patient cognitive interviews. The psychometric validation was based on a study involving two consultations in patients with new (n ¼ 100) or chronic (n ¼ 105) GERD. 13 The GERD Impact Scale was developed to aid patient-doctor communication and therefore improve disease management. 13 Frequency and severity of symptoms of heartburn, regurgitation and dyspepsia were assessed at study entry using the RDQ. The RDQ is a 12-item patientreported outcome instrument that has undergone psychometric validation for evaluative and diagnostic purposes. 14, 15 The six symptom descriptors covering heartburn (burning feeling and/or pain behind the breastbone), regurgitation (an acid taste in the mouth and/or unpleasant movement of material upwards from the stomach) and dyspepsia (pain and/or burning in the upper stomach) were assessed separately for frequency (0 days, 1 day, 2-3 days, 4-6 days or daily) and severity (very mild, mild, moderate, moderately severe or severe).
Presence and severity (mild, moderate or severe) of the following 19 upper gastrointestinal symptoms in the previous seven days were assessed at study entry by physician interviews, using a predefined symptom list: belching, bloating, central chest pain, central upper abdominal discomfort, central upper abdominal pain, dysphagia, early satiety, generalized upper abdominal discomfort, generalized upper abdominal pain, heartburn, nausea, left-sided upper abdominal discomfort, left-sided upper abdominal pain, pancreatic pain, postprandial fullness, regurgitation, right-sided upper abdominal discomfort, right-sided upper abdominal pain and vomiting. 11 All participants underwent upper gastrointestinal endoscopy and 48-hour pH monitoring (using a wireless pH-monitoring capsule). Reflux esophagitis and other endoscopic abnormalities were noted. Reflux esophagitis was diagnosed and graded according to the Los Angeles (LA) classification. Esophageal acid exposure was analyzed for 24 h from midnight on the first day after capsule placement, in order to standardize the time window for pH data analysis. Symptom-acid association probability (SAP) was also determined for 24 h from midnight after placement of the pH-monitoring capsule.
Diagnostic criteria
Functional dyspepsia was defined as the presence of upper gastrointestinal symptoms with no evidence of peptic ulcer disease or reflux esophagitis, with normal pH-monitoring results and a negative SAP. GERD was defined as the presence of at least one of the following three criteria: reflux esophagitis on endoscopy (LA grades A-D); pathological distal esophageal acid exposure (esophageal pH<4 for >5.5% of the 24-h period of analysis); and/or positive (>95%) SAP for association of symptoms with acid reflux episodes.
Statistical analyses
The frequency distribution of weekly sleep disturbance (never or sometimes vs often or nightly) in patients with GERD vs those with functional dyspepsia was tested using the Cochran-Mantel-Haenszel test. The prevalence of frequent (often or nightly) sleep disturbance categories in patients with GERD vs those with functional dyspepsia was tested using the 2 test. The prevalence of sleep disturbances (any frequency) according to the presence of the RDQ items in patients with GERD vs those with functional dyspepsia was tested using the Fisher's exact test. The frequency distribution of weekly sleep disturbances (sometimes vs often or nightly) was compared with reflux/dyspepsia symptom frequency (1-3 days/week vs 4-7 days/week) and severity (very mild or mild vs moderate, moderately severe or severe), as well as severity of early satiety and postprandial fullness (physician interview; mild vs moderate or severe) using the Cochran-Mantel-Haenszel test.
Results
Patient population
Of the 507 patients enrolled in the Diamond study, data from 336 (138 with functional dyspepsia and 197 with GERD) were suitable for exploratory analyses. The current analysis included 137 patients with functional dyspepsia and 193 with GERD for whom data on sleep disturbance frequency were available. Demographic characteristics of the two groups are shown in Table 1 . Sleep disturbances of any frequency due to heartburn and/or regurgitation during the seven nights before study entry were reported by 63 individuals (46.0%) with functional dyspepsia and 125 patients (64.8%) with GERD, and often or nightly sleep disturbances by 17 (12.4%) and 48 (24.9%) of those with functional dyspepsia and GERD, respectively ( Table 2 ). The distribution of weekly sleep disturbance categories (never/ sometimes vs often/daily) differed significantly in patients with GERD vs those with functional dyspepsia (p ¼ 0.0008). Frequent (often/daily) sleep disturbances were significantly more common in patients with GERD than in those with functional dyspepsia (p ¼ 0.0050; relative risk: 2.00 (1.21-3.33)).
Sleep disturbances by upper gastrointestinal symptom profile
The proportions of patients with functional dyspepsia who reported sleep disturbances of any frequency were 54%, 52%, and 46% among individuals who reported symptoms of heartburn, regurgitation or dyspepsia, respectively ( Figure 1 ). Among patients with GERD, the proportions who reported sleep disturbances of any frequency were 68%, 70% and 65% among those who reported symptoms of heartburn, regurgitation or dyspepsia on the RDQ, respectively (Figure 1 ). In the group who reported symptoms of heartburn, regurgitation or pain and/or burning feeling in the upper stomach (i.e. 'dyspepsia'), the proportion of patients with sleep disturbances was significantly higher among individuals with GERD than among individuals with functional dyspepsia (all p < 0.05).
In patients who reported early satiety at physician interview, the prevalence of sleep disturbances of any frequency was 52.7% (39/74) in the functional dyspepsia group and 66.1% (41/62) in the GERD group (p ¼ 0.12). In patients who reported postprandial fullness, the prevalence of sleep disturbances of any 
Sleep disturbances by upper gastrointestinal symptom frequency and severity
In patients with functional dyspepsia, the prevalence of frequent (often or nightly) sleep disturbances was numerically higher in patients who reported moderate to severe symptoms of heartburn, regurgitation or dyspepsia than in patients in whom these symptoms were very mild or mild ( Figure 2 ). The prevalence of frequent sleep disturbances in the group with functional dyspepsia was also numerically higher in those who reported moderate or severe early satiety or postprandial fullness at physician interview than in patients in whom these symptoms were mild ( Figure 2 ). The prevalence of frequent sleep disturbances was numerically higher in patients with functional dyspepsia who had frequent (4-7 days/week) symptoms of heartburn, regurgitation or dyspepsia than in those with functional dyspepsia who had these symptoms less frequently (1-3 days) ( Figure 3 ).
In the group with GERD, a numerically higher prevalence of frequent sleep disturbances was observed in patients who reported moderate to severe regurgitation or dyspepsia on the RDQ than in those in whom these symptoms were very mild or mild (Figure 2) . The prevalence of frequent sleep disturbances was also numerically higher in patients with GERD who had frequent symptoms of heartburn, regurgitation or dyspepsia than in those with GERD who had these symptoms less frequently ( Figure 3) . In contrast, no increase in sleep disturbance frequency was observed with increasing severity of heartburn, early satiety or postprandial fullness in patients with GERD ( Figure 2) .
The association between diagnosis (GERD or functional dyspepsia) and sleep disturbances was significant when controlling for severity of heartburn symptoms (using the Cochran-Mantel-Haenszel method; p < 0.05), but was not significant when controlling for severity of symptoms of regurgitation, dyspepsia, early satiety or postprandial fullness (p > 0.05). Similarly, the association between diagnosis and sleep disturbances was significant when controlling for frequency (1-3 vs 4-7 days) of heartburn symptoms (p < 0.05), but was not significant when controlling for frequency of symptoms of regurgitation or dyspepsia (p > 0.05).
Response to PPI treatment
Data on response to two weeks of PPI treatment were available for 31 patients with functional dyspepsia and 86 patients with GERD. A positive response (defined as absence of the most bothersome upper gastrointestinal symptom during the last three days of the treatment period) was observed in 58% of patients with functional dyspepsia (54.5% (12/22) and 66.7% (6/9) of patients with dyspepsia with sleep disturbances occurring sometimes and often/nightly, respectively) and 65% of patients with GERD (62.5% (30/48) and 68.4% (26/38) of patients with GERD with sleep disturbances occurring sometimes and often/nightly, respectively) (p ¼ 0.157 for functional dyspepsia vs GERD). 
Discussion
In this unselected primary care population with frequent upper gastrointestinal symptoms, almost half of patients with functional dyspepsia and two-thirds of patients with GERD reported sleep disturbances due to heartburn and/or regurgitation in the seven days before study entry. Patients with GERD and moderate to severe heartburn were more likely to have frequent sleep disturbances than those with functional dyspepsia and moderate to severe heartburn. The association between frequent sleep disturbances and diagnosis (GERD vs functional dyspepsia) was significant when adjusting for heartburn, but not when adjusting for other upper gastrointestinal symptoms, indicating that the prevalence of frequent sleep disturbances in patients with upper gastrointestinal symptoms other than heartburn did not tend to differ between patients with GERD and individuals with functional dyspepsia. The proportion of patients with GERD or functional dyspepsia who had sleep disturbances due to heartburn and/or regurgitation in the current study was higher than the 31% prevalence of any sleep problems reported for western Europe in a large, generalpopulation survey. 16 The current analysis looked specifically at sleep disturbances due to heartburn and/or regurgitation and thus did not capture the overall proportion of patients with any sleep disturbances, which is likely to have been substantially higher.
Sleep disturbances are frequent in the functional dyspepsia population. In an academic referral center for functional gastrointestinal disorders, 68% of patients with functional dyspepsia had disordered sleep, which was not related to anxiety and depression. 17 In another study, functional dyspepsia was also associated with sleep disturbances, and sleep disturbances were more likely in women than men and in patients who had moderate or severe symptoms related to dyspepsia than in those with mild symptoms. 10 Populationbased data have suggested that sleep disturbances are related to both upper and lower gastrointestinal symptoms, although the nature of their relationship with sleep disturbances is uncertain. 18 In patients with GERD, sleep disturbances are common. 19, 20 In a large primary care study in France, nocturnal reflux symptoms were reported by 64% of patients with reflux disease, and regular (at least weekly) GERD-related sleep disturbances by 62%. 19 Other reports suggest that the majority of patients with GERD experience night-time reflux symptoms and two-thirds of individuals with night-time symptoms believe that heartburn negatively affects their ability to sleep well. 2, 20 Patients with incomplete responses to PPI therapy also report sleep disturbances: in a Canadian primary care study, 55% of patients with reflux disease who had incomplete symptom control with a PPI reported sleep disturbances. 21 Sleep disturbances have a profound effect on quality of life in individuals with GERD. 22 In people with undiagnosed sleep disorders, reflux disease is common and is associated with increased arousals from sleep and a decrease in the time spent in stage two (the restorative phase) of sleep. 23 We have recently shown that, in a primary care population of patients who have functional dyspepsia with no evidence of GERD on endoscopy and pH monitoring, heartburn and regurgitation are frequent complaints. 9 In the current analysis, we show that heartburn and regurgitation in the functional dyspepsia population are related to adverse effects on sleep, with increased symptom frequency and severity paralleling an increased frequency of sleep disturbances. There is little information in the literature about the impact of heartburn and regurgitation on sleep in patients with functional dyspepsia; however, indirect evidence from a recent study supports our findings, showing that sleep disturbances were more common in Japanese patients with functional dyspepsia than in healthy controls. 24 The same study also found that sleep disturbances were related to GERD symptoms and improved with acid inhibition. 24 Strengths of the Diamond study include its large size, the unselected, consecutive inclusion of the population of patients presenting with upper gastrointestinal symptoms in primary care, and the use of endoscopy and wireless pH monitoring. 11 The entry criteria of the Diamond study, however, required patients to have had symptoms for at least four weeks, while the Rome III criteria for functional dyspepsia require symptoms to have been present for at least three months. 25 A limitation of this post-hoc analysis is that sleep disturbance due to heartburn and/or regurgitation was determined based on a single question from the psychometrically validated GERD Impact Scale; additional data from sleep-specific questionnaires were not available for this analysis. However, single question evaluations on the quality of sleep have been used in clinical practice and have been shown to be as effective as the Epworth Sleepiness Scale and the multiple sleep latency test at measuring sleepiness. 26 A further limitation of this post-hoc analysis is that, unfortunately, only a small number of patients in the current analysis had evaluable data on PPI treatment outcome available by diagnosis and sleep disturbance category.
In conclusion, sleep disturbances are common in patients with functional dyspepsia who have no evidence of GERD on endoscopy or pH monitoring, and are related to reflux symptoms. Patients with more severe or more frequent upper gastrointestinal symptoms had more frequent sleep disturbances than those with less severe or less frequent symptoms. Our study demonstrates that the overlapping symptoms of GERD and functional dyspepsia may markedly impact patients' lives by affecting sleep.
